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(54) R-TM-B PERMANENT MAGNET 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a policy for developing an R-TM-B permanent magnet 
having high magnetic performance. 

SOLUTION: This R-TM-B permanent magnet has a grain boundary phase near the interface 
between an R2TM14B magnetic phase and an R3TM grain phase has a rhombic structure,- and 
the magnetic phase is in alignment with the grain phase. In an R2TM14B intermetallic compound, 
the R contains larger than or equal 50 at.% Nd and Pr, and TM is Fe or Go and contains larger 
than or equal to 50 aL% Fe. In addition, an R3TM alloy contains larger than or equal to 90 at.% R. 
Moreover, in the R2TM14B intermetallic compound, the TM contains larger than or equal to 50 
at% Fe and >0.1 at% Go and. in an R3TM intermetallic compound, the TM contains larger than 
or equal to 90% Go. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This docuinent has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. . 



CLAIMS 



[Claim(s)] 

[Claim l] The R TM B system permanent magnet which the crystal structure of this 
grain boimdary phase [ it is the R-TM-B system permanent magnet with which the 
crystal structure consists of an R2TM14B intermetallic compound (rare earth elements, 
TM containing R^Y transition metals) which is ****** which serves as a magnetic phase 
from an R3TM alloy, and which mainly contains a grain boundary phase, and / near the 
interface of said magnetic phase and this grain boundary phase ] is mainly prismatic 
crystal structure, and this magnetic phase and this grain boundary phase adjust. 
[Claim 2] It is the R-TM B system permanent magnet according to claim 1 which Fe in 
TM of more than 50at% and said TM is [ the sum total of Nd and Pr in R ] more than 
50at% in Fe or Co in said R2TM14B intermetaUic compoimd, and is characterized by R 
being more than 90at% in said R3TM alloy. 

[Claim 3] The R-TM-B system permanent magnet according to claim 1 which Co in more 
than 50at% and TM is [ Fe in TM ] more than 0.1at%, and is characterized by Co in TM 
being more than 90at% in said R3TM intermetallic compound in said R2TM14B 
intermetallic compoimd. 

[Claim 4] Crystallographic orientation relationship [ / near the interface of said 
magnetic phase and said grain boimdary phase ] is [Formula l]. 

(ooi)?K««//<ooi}«[$^«i)^o[iio]a5««//[iio]3teiMa - (a) 

(001)atl4ffl//<110)»IMa*o[llQ]S5f4«//[001]tt#ffl (B) 

mimttm/nzzimmst'^inom^m/nmm^m - (c) 

(001)«f4«//(lll)«i*«iPo[100UK«ffl//[110]tt*ffl - (D) 

** " the R TM B system permanent magnet according to claim 1 to 3 which is. expressed 
with a lot even if few, and is characterized by the include angle of a gap of this 
orientation relatiraship being less than 5 degrees. 

[Claim 5l The R-TM B system permanent magnet which said magnetic phase and said 



grain boundary phase adjust on both sides of said interface including the magnetic 
phase whose crystal structure is ******, and the grain boundary phase whose crystal 
structure [ / near the interface with said magnetic layer ] is a prismatic crystal. 
[Claim 6] The source of an R2TM14B intermetallic compound (rare earth elements, TM 
containing R-Y transition metals) which demonstrates ferromagnetism, R2TM14B 
****** is deposited using the source of an R3TM alloy as a raw material. The 
manufacture approach of the R-TM*B system permanent magnet which raised the 
crystal magnetic anisotropy of said R2TM14B tetragonal phase near [ which 
furthermore deposited the R3TM prismatic crystal phase around this R2TM14B 
tetragonal phase, was made to adjust this R2TM14B tetragonal phase and this R3TM 
prismatic crystal phase, and was adjusted ] the interface. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[OOOll 

[Field of the Invention] This invention relates to the R TM B system permanent magnet 
which are a R TM B system permanent magnet raw material, R-TM-B system 
permanent magnet intermediate field, and a final product about a R-TM B system 
permanent magnet (rare earth elements, TM containing R^Y transition metals). 
[0002] 

[Description of the Prior Art] A R-TM-B system permanent magnet has outstanding 
magnetic properties, and is used for various applications. Although there are the 
various manufacture approaches in a R-TM-B system permanent magnet, there are a 
sintering process and a super-quenching method as the typical manufacture approach. 
After fabricating a sintering process in the configuration of arbitration, grindii^ an 
ingot with a specific presentation to single crystal impalpable powder with a mean 
particle diameter of several micrometers, and carrying out orientation of this in a field 
as indicated by «IP,59-46008,A, it is an approach of sintering and obtaining a bulk-like 
magnet. A super-quenching method is an approach of depositing detailed crystal grain 
by super-quenching an alloy with a specific presentation by approaches, such as a chill 
roll method, changing it into an amorphous condition, and subsequently heat-treating 
as indicated by JP,60-9852,A. The magnet alloy obtained with the super-quenching 
method is usually powdered, and is used with the gestalt of a bond magnet by mixing 
with resin and generally, fabricating this. Furthermore, the approach of grinding and 
sintering quenching sheet metal is also used. 
[0003] 

[ProblemCs) to be Solved by the Invention] With such a conventional technique, by 
repeating sample creation and evaluation and performing them, various kinds of 
conditions of a magnetic production process are optimized, and magnetic magnetic 



properties are raised experientially. However, it is difficult to attain the fast 
improvement in magnetic properties by such experiential approach. Moreover, when the 
presentations of a permanent magnet differ, it is necessary to repeat sample creation 
and evaluation and to perform them, respectively. 

[0004] This invention makes it a technical problem to offer the guide for designing the 
R*TM-B system permanent magnet which has the magnetic high engine perforinance: 
[0005] 

[Means for Solving the Problem] Conventionally, the structure of the interface of 
magnetic magnetic properties, the main phase Gnagnetic phase) which determines 
coercive force especially, and a grain boundary interphase was strange. For this reason, 
with the conventional technique, magnetic magnetic properties are experientially raised 
by optimizing various kinds of conditions of a magnetic production process. Such 
experiential technique reqmres the time amount and costs for sample creation and 
evaluation upwards, and there is a limitation in improvement in a magnet property. 
[0006] Then, this invention persons are not based on experiential technique, and as a 
result of searching for the fundamental problem how there should be any structxire of 
an ideal interface, it sets into the various magnet ingredients in which ihe coercive force 
developmental mechanics of a nucleation mold is shown. The ease of a nucleation is 
dependent on the magnitude of a crystal magnetic anisotropy [ / near the outermost 
shell of a magnet phase 1. By controlling the value of the anisotropy constant Kl near 
the outermost shell more than the interior, equivalent, or it at least, a nucleation is 
controlled, and a header and as a restdt of advancing research further wholeheartedly, 
it comes to complete this invention for the ability of magnetic coercive force to be 
heightened. 

[0007] This invention has the following element in the Ist view. The magnetic phase 
which the crystal structure mainly becomes from the R2TM14B intermetallic compoimd 
(rare earth elements, TM containing R-V transition metals) which is ******. The grain 
boundary phase which mainly consists of an R3TM alloy. The crystal structure of a 
grain boundary phase [ / near the interface of a magnetic phase and a grain boimdary 
phase ] should be prismatic crystal structure. The magnetic phase and the grain 
boundary phase should have consisteiicy. In the 2nd view, it sets to an R2TM14B 
intermetallic compound, and the sxmi total of Nd and Pr in R is more than 50at%. For 
TM, Fe in TM is more than 50at% at Fe or Co. It sets into an R3TM alloy and R is more 
than 90at%. In the 3rd view, it sets to an R2TM14B intermetallic compoimd, and Fe in 
TM is more than 50at%. Co in TM is more than 0.1at%. It sets to an R3TM intermetallic 
compound, and Co in TM is more than 90at%. In the 4th view, based on said 1st view, 



crystallographic orientation relationship [ / near the interface of a magnetic phase and a 
grain boundary phase ] should be expressed with a lot, even if there is little following. 
The include angle of a gapi of orientation relationship should be less than 5 degrees. 
[0008] 
[Formula 2] 

(001)S8tS«//(001)!ttlS^i^o[1101iK(4ffl//[110miMa (A) 

(ooi)?Kttffl//(iio))&i^i^o[iioMeffl//[ooimwe - (b) 

(001)JK{4ffi//(221)«ilMSi*-3[1103«ttffl//tllimSMB — (C) 

(ooi)ate*i//(iii)«tiMa**oiioo]aH4ffl//tiTomiMi - (d) 

[0009] In the 5th view, the magnetic phase whose crystal structure is ****** should be 
included. The grain boundary phase whose crystal structure [ / near the interface with a 
magnetic phase 1 is a prismatic crystal should be included. The magnetic phase and the. 
grain boundary phase should have consistency on both sides of an interface. Use the. 
source of an R2TM14B intermetallic compound Orare earth elements, TM containing 
R:Y: transition metals) which demonstrates ferromagnetism, and the source of ah R3TM . 
aUoy in the 6th view. Deposit R2TM14B ******. Deposit an R3TM prismatic crystal 
around an R2TM14B tetragonal phase (a part of perimeter or aU). Raise the crystal 
magnetic anisotropy of the R2TM14B tetragonal phase near [ which was made to adjust 
an R2TM14B tetragonal phase and an R3TM prismatic crystal phase, and was 
adjusted ] the interface. 

[0010] Here, the principle of this invention is explained by making into an example the 
R-TM-B system permanent magnet which mainly consists of a main phase 
(ferromagnetic phase) which consists of being an R2TM14B intermetallic compound 
(preferably single crystal object), and a grain boundary phase which consists of an 
R3TM alloy. In addition, although it is known that a B rich phase (Rl+alphaTM4 B4), a 
R-TM metastable phase, the oxide formed in process and unescapable, carbide, etc. exist 
in a R-TM-B system permanent magnet besides the above-mentioned main phase and a 
grain boundary phase, these phases of the effect affect the magnetic properties of this 
permanent magnet are secondary compared with the two phase of this main phase and 
this grain boundary phase. 

[OOll] In^a R-TM-B system permanent magnet, if Co is made to contain in TM, it is 
known that high relaxation and corrosion resistance of Curie temperature wiU improve, 
and it is a well-known technique to add Co of an amount suitable in a R TM B system 
permanent magnet for these purpose, except for an above-mentioned approach - the 
mechanical alloying method, hot pressing, the hot roUing method, and HDDR • there 
are the various well-known manufacture approaches, such as law. However, regardless 



of the manufacture approach, all R TM B system permanent magnets consist of two 
phases, even if there are few main phases which consist of a single crystal object of an 
R2TM14B intermetallic compound, and grain boundary phases which consist of an 
R3TM intermetallic compound. 

[0012] If existence of a grain boundary phase is required for the manifestation of 
magnetic coercive force and R components required for formation of a grain boimdary 
phase generally run short during a magnetic presentation, coercive force will decline. 
This is considered for it to become impossible for the two phase of R2TM14 B phase and 
an R3TM phase to live together by equilibrium, for ferromagnetic phases, such as 
R2TM17 phase, to deposit in the grain boundary of R2TM14 B phase instead, and for 
that to serve as an origin of reverse magneticdomain generating, to carry out flux 
reversal easily, and for coercive force to decline with lack of R component. 
[0013] Moreover, in order to give practically sxifficient coercive force for the R-TM-B 
system permanent magnet produced with the sintering process, it is shown clearly by 
micro observation of this interface by the transmission electron microscope that it is 
required for the main phase and the grain boundary phase to have touched by the 
smooth interface without a lattice defect. This reason is explained for that to serve as an 
origin of reverse magnetic domain generating, to carry out flux reversal easily, and for 
coercive force to decline if a lattice defect etc. exists in an interface. 
[0014] this invention persons did the knowledge of there being the following troubles 
about a gestalt with the grain boundary phase desirable when making the outstanding; 
magnetic properties which the R-TM-B system permanent magnet by the 
above-mentioned conventional technique has discover which constitutes this permanent 
magnet. Namely, although the knowledge about the existence of the defect of an 
interface with the presentation field, and the main phase and the grain boundary phase 
in which an R3TM grain boundary phase exists was acquired, it was not known for the 
Prior art about the crystal structure amd the desirable orientation relationship with the 
main phase of an R3TM grain boundary phase. For this reason, it was impossible to 
have made the magnetic properties which controlled the micro structure of a R TM-B 
system permanent magnet with a specific presentation, and were excellent discover; 
Instead, with the conventional technique, magnetic magnetic properties were 
experientially raised by optimizing various kinds of conditions of a magnetic production 
process. 

[0015] That is, since the structure of the interface of magnetic magnetic properties, the 
main phase which determines coercive force especially, and a grain boimdary interphase 
was strange, it means that various processings (for example, heat treatment etc.) 



considered to change the structure of an interface are performed to a magnet, and the 
condition of an interface had controlled the magnet property with the black box. 
Although such a way was convenient when optimizing the manufacture conditions of 
the magnet of each presentation, it was very difficult to raise a magnet property further, 
with no guide on ingredient development how there should be any structure of an ideal 
interface. 

[0016] this invention persons did the knowledge of the magnetic properties which were 
excellent when the grain boundary phase which consists of an R3TM intermetallic 
compoimd (Co in TM is more than 90at%) which has the crystal structure of a prismatic 
crystal in the grain boundary of all the R-TM-B system permanent magnets containing 
C!o existed and the main phase and the grain boundary phase had touched by the 
interface mutually being acquired, as a result of performing micro analysis of the grain 
boundary phase of viarious R-TM-B system permanent magnets using a transmission 
electron microscope (TEM). 

[0017] moreover, this invention persons about the structure of the interface of the grain 
boundary phase of a R TM B system permanent magnet and the main phase CR2TM14 
B phase) in which an R3TM grain boundary phase with the above-mentioned prismatic 
crystal structure exists The result observed in the detail with the high-resolution 
transmission electron microscope (HR TEM), the scanning tunnehng microscope, etc., a 
microstructure is controlled so that the main phase and a grain boundary phase have 
specific crystallographic orientation relationship [ near the interface ], and the thing 
which the bi phase adjusts and to which it comes suddenly, and it is alike and magnetic 
properties become the highest is found out. 

[0018] With reference to drawing 1 , draw ing 2 (A), and (B), a difference of distribution 
of a crystal magnetic anisotropy [ / near the interface ] is explained by tlie case where 
the TTiain phase (ferromagnetic phase) and the grain boundary phase have consistency 
by the interface, and the case where it does not have consistency. In drawing I or 
drawing 2 (A), and (B), the "outermost shell" of an axis of abscissa shows the location of 
the atomic layer of the outermost part of the main phase, and "the 2nd layer" and the 
"3rd layer" are counted toward the interior from an outermost shell location, 
respectively, and shows the location of the 2nd and the 3rd atomic layer. The distance 
from an outermost shell shows the location which can disregard a long distance and the 
effect from an interface in the n th layer. An axis of ordinate shows the magnitude of the 
uniaxial anisotropy constant Kl (the strength of a crystal magnetic anisotropy is 
shown) of the main phase among the graph of dl:aw^lg Jl , and the sense of the 
spontaneous magnetization of the main phase is stabilized in the direction of an easy 



axis (c axis), so that the value of Kl is large. Moreover, among drawing 1 , an example 
(this invention) shows the calculated value of Kl in the conditions which the main 
phase and the grain boimdary phase adjust by the interface, as shown in drawing 2 (A), 
and as it shows the example of a comparison to drawing 2 (B), it shows the calculated 
value of Kl in case there is mismatching of an interface etc. by lack of a grain boundary 
phase etc. 

[0019] With reference to drawing 1 , in the example of a comparison, the magnitude of 
an anisotropy constant Kl changes a lot, and the value of Kl in an outermost shell is 
falling remarkably compared with the interior with the distance from an interface. On 
the other hand, in an example, with the distance from an interface, the maignitude of an 
anisotropy constant Kl seldom changes, but the anisotropy constant Kl is going up in 
an outermost shell phase rather. Therefore, since according to the example of a 
comparison the energy which the nucleation of a reverse magnetic domain takes in an 
outermost shell falls locally and a nucleation and flux reversal become easy, magnetic 
coercive force declines. On the other hand, according to the example, rather, since it is 
higher than the interior, the nucleation of a reverse magnetic domain [ in / in Kl in an 
outermost shell / an interface ] is controlled, and, as a result, magnetic coercive force 
increases. 
[0020] 

[Embodiment of the Invention] The gestalt of desirable operation of this invention is 
explained taking the case of a sintering process. Also in the manufacture approach of 
other well-known R-TM-B system permanent magnets, it is the same as that of a 
sintering process about the concrete approach of discovering the structure of a desirable 
interface. 

[0021] As a raw material, the R-TM-B alloy of a well-known presentation which is 
indicated by JP,59-46008,A can be used. If the sum total of Nd and Pt in R is less than 
[ '50at% ], since the magnetic coercive force and the residual magnetization which are 
obtained will fall remarkably, more than its 50at% is desirable, and in order that the 
sum total of Nd and Pr in R may raise coercive force, it is also desirable [ the sum total ] 
to permute a part of Nd by Dy or Tb. Although TM is Fe or Co, since the magnetic 
coercive force and the residual magnetization which will be obtained if Fe in TM is less 
than [ 50at% ] fall, more than 50at% of Fe in TM is desirable. Moreover, it is desirable to 
make Co in TM more than 0.1at% in order to raise Curie temperature and to improve 
corrosion resistance. In addition, it is also possible to add alloying elements other than 
the above for the various purpose. 

[0022] A still more desirable permanent miagnet has the main phase which the crystal 



structure becomes from the single crystal object of the R2TM14B intermetallic 
compound Gt is the rare earth elements containing R^Y, the sum totals of Nd and Pr in R 
are more than 50at%, TM^Fe, and Co, and Co in more than 50at% and TM is more than 
0.rat% for Fe in TM) which is ******, and the R3TM intermetallic compound (Co in TM 
is more than 90at%) whose crystal structure is a prismatic crystal. 
[0023] The presentation of an average of a permanent magnet needs tp be the 
presentation range of R2TM14 B phase and an R3TM phase CFor Co in TM to be more 
than 90at%) where a two phase can live together at least. What is necessary is just to 
set the presentation range to TM as the remainder Lord B-2 • 40at% R*8 • 30at% at this. 
Preferably, the presentation range is made into less than [ Co:50at% 1 Fe:40 - 90at% B:2 
- 40at% R:8 • 30at%. Fxirthermore, what is necessary is just to set the presentation 
range to TM as the remainder Lord B:5 ■ 40at% R:il • 50at% preferably. What is 
necessary is just to set the presentation range to TM as the remainder Lord B:6.5 • 9at% 
R:i2 ■ 16at% more preferably. What is necessary is just to set the presentation range to 
TM as the remainder Lord B'l ■ 8at% R.12 • 14at% much more preferably. Moreover, the 
R-TM-B alloy to be used does not necessarily need to consist of a single necessary 
presentation, and after it grinds the alloy of a different presentation, it can mix, and it 
can also be adjusted and used for a necessary presentation. 

[0024] Moreover, in the main phase, the so-called half **** elements, such as C, Si, and 
P, may permute the great portion of the great portion of [ a part thru/or ]. for example, 
the case where B is permuted by C Bl-xCx however, x is preferably good to at least 
0.8" 

[0025] Well-known approaches^ such as the casting grinding method, the quenching 
sheet metal grinding method, a super-quehdiii^ method, a direct reduction diffusion 
method, the hydrogen content collapsing method, and the atomizing m^ethod, can be 
suitably chosen as the approach of using a R-TM-B alloy as powder. By setting mean 
particle diameter of alloy powder to 1 micrometers or more, powder cannot react easily 
with the oxygen in atmospheric air etc., it is hard coming to oxidize, and the magnetic 
properties after sintering improve. Moreover, sintered density becomes high and is 
desirable by setting mean particle diameter to 10 micrometers or less. The range of 
more desirable mean particle diameter is 1-6 micrometers. 

[0026] It presses carrying out powder supply of the obtained alloy powder into metal 
mold, and carrying out orientation in a field. In this case, it is also desirable to add a 
binder to alloy powder in order to raise ****** of alloy powder and to make powder 
supply easy, and to perform a ^ray granulation as iudicated by JP,8-20801,A, for 
example. Or it is also possible to add a binder to alloy powder and to fabricate a 



complicated configuration article by the metal injection mold method as indicated by 
JP,6-77028,A. When these binders are used, it is desirable to remove the binder 
contained in a Plastic soUd before sintering by the pyrolysis. 

[0027] Th^ acquired Plastic solid is sintered in a vacuum or the inert gas except 
nitrogen. Although sintering conditions are suitably selected according to a 
presentation and particle size of R-TM B alloy powder, 1 • 4 hours is desirable at 
1000-1180 degrees C, for example. The cooling rate after sintering is important when 
controlling the crystal structure of a grain boundary phase. That is, at sintering 
temperature, the grain boundary phase is the liquid phase, and if the cooling rate from 
sintering temperature is too early not much, it becomes [ include many lattice defects 
or ] amorphous and is not desirable [ a grain boundary phase ]. 

[0028] In order for a grain boundary phase to take prismatic crystal structure, as for the 
cooling rate from sintering temperature, it is desirable that it is within . the limits of 
10-200 degrees C / min. Thus, by spending many hours on cooling enough, it becomes 
possible to take the regular crystal structure at the time of cooUng, without a Uquefied 
grain boimdary phase becoming supercooling. A grain boxmdary phase is not amorphous, 
as a result of the physical relationship of the atoms in the interface of the main phase 
and a grain boundary phase becoming regular and maintaining both adjustment by 
taking prismatic crystal structure, possibility that an interface will serve as an origin of 
reverse magnetic domain generating decreases, and high coercive force is realized. The 
range of the cooling rate after more desirable sintering is 20-100 degrees C / min. 
[0029] for acquiring the effectiveness of the adjustment of an interface " the near 
interface of the main phase and a grain boundary phase " at most - the crystal 
structure of a grain boundary phase should just be face centered cubic structure in the 
range of a number atomic layer. Moreover, generally the main phase is formed earlier 
than a grain boundary phase, since the crystal grain which constitutes the main phase 
is a single crystal, when the main phase and the grain boundary phase have consistency, 
the crystal magnetic anisotropy in crystal grain becomes high until it results [ from the 
interior of crystal grain ] in an outer shell, and high coercive force is acquired. 
[0030] As for a ferromagnetic crystal grain, in this invention, it is desirable that the part 
or all is surrounded by the grain boundary phase. As for the diameter of crystal grain of 
the main phase, it is desirable that it is in the range of lOnm ■ 500 micrometers. In the 
case of a sintering process, it changes with 10-30 micrometers, and, in a 
super-quenching method, the range of the more desirable diameter of crystal grain 
changes from 20-100 etc.nm etc. by each process. Moreover, since magnetic coercive 
force will decline if a grain boundary without a grain boundary phase, a twin crystal 



grain boundary, or a sludge exists in the main phase, as for the main phase, it is 
desirable that it is a single crystal. 

[0031] In order to control still more ideally the physical relationship of the atoms in the 
interface of the above-mentioned main phase and a grain boundary phase, it is required 
to limit the crystallographic orientation relationship of the main phase and a grain 
boundary phase. Here, the semantics of a crystallographic notation is e^qplained. 
Notation"[hkl]" expresses the direction of a normal with Miller indices perpendicular to 
the crystal face expressed with h, k, and 1. Moreover, the "main phase" written in the 
small alphabetic character at the lower right of notation"[hkl]" and a "grain boundary 
phase" show that each direction is the thing of the main phase or a grain boundary 
phase. For example, notation"[00l] main phase" expresses the direction of the c-axis of 
the R2TM14 B phase which is the main phase. Notatioii"//" described between the 
direction characteristics of a lot shows that these direction vectors are mutually paraUel. 
[0032] next, a notation - the place which "(hkl) the "main phase" and the "grain 
boundary phase" which "expressed the crystal face where Miller indices are expressed 
with h, k, and 1, and were described in the small letter, and notation ''IP' mean is the 
same as the case of a direction. Here, Ln the direction about the same phase, and the 
notation of the crystal face, the Miller indices used show not the generalized 
characteristic but specific crystal orientation thru/or the crystal face. 
[0033] 
[Formula 3] 

[0034] The reason the specific orientation relationship -in an interface raises magnetic 
magnetic properties is as follows. That is, near the interface of the main phase, the 
crystal field around R atom which has determined the crystal magnetic anisotropy of 
the main phase change in response to the effect of the atomic arrangement of the 
adjoining grain boimdary phase. Since R atom of an R3TM grain boundary phase and R 
atom in the main phase are in the physical relationship which strengthens the 
above-mentioned crystal magnetic anisotropy when the crystal orientation of an R3TM 
grain boundary phase is one bearing of the combination of following (A) ■ OD), the crystal 
magnetic anisotropy near the interface of the main phase increases. Consequentiy, 
reverse magnetic-domain generating near the grain boundary becomes diffictdt, and 
since flux reversal cannot be carried out easily, it is thought that coercive force improves. 
[0035] 
[Formula 4] 



(ooi)i«//(ooimiMa*^'o[iio]£ffi//[iio]*!t^ - (a) 
(ooi)i*§//(iiomi!LfflA»o[iio]£ia//[ooi]«^ - (B) 

(00l)±ffl//(22im»fflA^-^[110]i«//Ulim^ - (C) 

(ooi)^ffl//(iiim*ffl<p^[ioo]=fe«//[iiom»ffl - (D) 

[00361 In the above-mentioned explanation, the atom of the grain boundary phase 
which affects the crystal field of R atom in the main phase is an atom near the interface 
which adjoins the main phase, therefore, this invention - setting - the orientation 
relationship of the main phase of the crystal structure above of a grain boundary phase, 
and a grain boundary phase - the near interface of a bi-phase - at most - what is 
necessary is to just be materialized in the range of a number atomic layer 
[0037] As an approach of making a grain boundary phase appearing in specific 
orientation relationship, there is the approach of controlling the cooling rate after 
sintering. That is, when an R3TM grain boundary phase cools the temperatxure 
requirement to 800 degrees C which is in a liquid phase condition, as mentioned above 
300 degrees C or less to which atomic diffusion becomes very slow with the cooling rate 
of 10-200 degrees C / min, the main phase and a grain boxmdary phase with adjustable 
specific orientation relationship can be deposited near the interface with the main 
phase. This is for the grain boundary phase of prismatic crystal structure to grow so 
that the interface to which surface energy has the lowest crystal orientation in the firont 
face of the main phase of a solid state may be formed. More desirable cooling rates are 
20 100 degrees C / min. 

[0038] In this case, since the ratio of the lattice constant of a bi phase changes with the 
component element of the main phase and a grain boundary phase, or differences in a 
presentation, crystal orientation may shift a little. However, since tiie include angle of 
this gap is at most less than 5 degrees, even if it shifts, there can be Uttle effect which it 
has on the crystal field of R atom in the main phase, and can discover expected 
effectiveness. 

[0039] It is also effective in control of interface structure to heat-treat the magnet once 
obtained with the sintering process, the super-quenching method, etc. other than 
conlxol of the cooling rate from an elevated temperature in the temperature region 
whose diffusion of the atom in a grain boimdary phase is 300 800 degrees C below the 
easy melting point. Also in this case, the energy of an interface serves as driving force, 
rearrangement of the crystal structure of a grain boimdary phase takes place near the 
interface with the main phase, and an adjustable interface is realized. The desirable 
cooling rates after heat treatment are 10 200 degrees C / min. 

[0040] As mentioned above, although the gestalt of operation has been explained mainly 



taking the case of a sintering process, also in the majiufacture approach of other 
R-TM-B system permanent magnets, it is completely the same as that of a sintering 
process about the manifestation approach of the structure of a desirable interface. 
[0041] a sintered compact [ the permanent magnet ingredient with the outstanding 
magnetic properties acquired by the above-mentioned approach ] - ** • after givii^ 
predetermined dimensional accuracy by a grinding process etc., in the case pf a bulk 
magnet, required surface treatment can be performed, and it can magnetize and use for 
it. In this case, in order to ease the effect of processing distortion, heat-treating after 
processing is also a desirable operation gestalt. After fabricating by mixing the obtained 
magnetic powder with resin, in the case of a bond magnet, if required, surface treatment 
can be performed, and it can magnetize and use it. 

[0042] As for the value of the anisotropy constant Kl near the outermost shell of a 
ferromagnetic phase, in the permanent magnet based on [anisotropy constant] this 
invention, it is desirable that they are the interior, an EQC, or more than it. The EQC in 
this case is at least 50% or more of a value ia the interior. It is desirable that the crystal, 
magnetic anisotropy in the outermost shell section of a ferromagnetic particle is 
strengthened compared with the crystal magnetic anisotropy of the outermost shell 
section of this ferromagnetic particle in case a grain boundary phase does not exist. 
[0043] in the permanent magnet which has [distribution of a crystal magnetic 
anisotropy], and the specific crystal structure which is not amorphous, and consists of 
the metal which is a ferromagnetic, an alloy, or at least one sort of crystal grain of an 
intermetallic compound in a room temperature, it is desirable for the crystal magnetic 
anisotropy in the outermost shell location of tiiis crystal grain to be equivalent to the 
interior of crystal grain (core) which can disregard the effect of the crystal graia exterior, 
or to improve, and not to decrease greatly compared with the interior. In order to 
acquire practical coercive force, as for the crystal magnetic anisotropy in the outermost 
shell location of crystal grain, it is desirable that it is more than one half of the crystal 
magnetic anisotropy of the interior which can disregard the effect of the crystal grain 
exterior. 

[0044] It is desirable to consist of at least 2 of the grain boundary phase which exists in 
the form which serves as the main phase which has the specific crystal structure which 
are not the surrounded main phase and a [isolation structure] amorphous substance, 
and consists of the metal which is a ferromagnetic, an alloy, or an intermetallic 
compound ia a room temperature from a metal, an alloy, or an iatermetallic compound, 
and encloses the perimeter of the main phase phases. When a grain boimdary phase 
surrounds a part thru/or all of a ferromagnetic phase (ferromagnetic particle) that 



constitutes the main phase, the improvement in coercive force is found. It is desirable 
that the ferromagnetic phase (ferromagnetic particle) is surrounded by the grain 
boundary phase more than one half. 

[0045] [ ■ the main phase and a grain boundary phase are desirable ■ put together - in] 
this invention, what has the property which was excellent as a main phase of a 
permanent magnet is good, a metal desirable as a main phase, an alloy, or an 
intermetallic compound has high saturation magnetization, and, specifically, what has a 
Curie temperature high enough above a room temperature is good. 
[00461 As for a metal desirable as a grain boimdary phase, an alloy, or an intermetallic 
compound, in this invention, what has that easy you have the melting point of the main 
phase, the melting point lower than catabolic rate, or catabolic rate, and make it spread 
arotmd the main phase by heat treatment more highly tiian a room temperature is good. 
Moreover, as for the atom which constitutes a grain boundary phase, what acts as .a 
cation to the outermost shell atom of the main phase, and raises the crystal magnetic 
anisotropy of the main phase is desirable. In the crystal structure of the grain boundary 
phase which deposits the crystal which includes the source of a cation in the grain 
boundary phase part which adjoins a ferromagnetic particle at least e^ecially, and 
adjoins a ferromagnetic phase, it is desirable to locate a cation in the direction in which 
4 f-electrons clouds of rare earth elements ion located in the outermost shell of a 
ferromagnetic particle are extended. If the metal which fulfills the conditions of the 
alloy above besides R in R3TM is illustrated, they will be more than kinds, such as Be, 
Mg, calciimi, Sr, Ba, all transition-metals elements (Zn and Cd are included), and 
aluminum, Ga, In(s), Ta, Sn, PbCs). Moreover, it is more than a kind of Be, Mg, 
aluminum. Si, P, calcium, Sc, Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Ga, Sr, Zr. Nb, Mo, Cd, 
In, Sn, Ba, Hf, Ta, Ir, and Pb. Moreover, although the alloy of these metals or an 
intermetallic compound can also serve as a grain boundary phase, the example given 
above does not limit the applicability of this invention. 

[00471 As for the combination of the above-mentioned main phase and a grain boundary 
phase, what lives in a temperature region with a bi-phase together in a balance like for 
example, the SmCo5 main phase and Y grain boundary phase is desirable. Moreover, 
when the main phase and the 2nd phase react, the 3rd desirable phase may be formed 
in a grain boundary so that an intermetallic compound phase (gamma-FeZn) may be 
formed, for example at the reaction of the Sm2Fel7N3 main phase and Zn phase. In the 
case of the latter, the 3rd phase turns into a grain boundary phase as used in the field of 
this invention. 

[00481 In [range of additional trace elementsl this invention, in order to raise the 



adjustment of the main phase and a grain boundary phase, thru/or in order to raise 
magnetic properties, it is a desirable operation gestalt to mainly add a metallic element 
or metalloid element in a minute amount. The wettability of an interface is raised, or 
the above-mentioned additional trace elements carry out concentration maldistribution 
at a grain boundary phase, are diffused in a mismatching interface location, adjust the 
lattice constant of a grain boundary phase, lower surface energy, and have the 
effectiveness which raises the adjustment of an interface, and its magnetic coercive 
force improves as the res\ilt. 

[0049] Although there are C, N, aluminum. Si, P, Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Zn, 
Ga, Zr, Nb, Mo, above-mentioned metallic elements bther than these, etc. preferably 
[ the element which may dissolve in a grain boundiary phase ] as additional trace 
elements which carry out the above-mentioned work, the example given above does not 
limit the applicability of this invention. Since the residual magnetic flux density of a 
magnet good less than [ 1.0wt% ] is obtained at a rate of as opposed to the whole magnet 
in the addition of the element added for the above-mentioned purpose and effectiveness 
predetermined at more than 0.05wt% is acquired, 0.05 • 1.0wt% of the range of an 
addition is desirable. The more desirable range is 0.1 - 0.5wt%. The addition approach of 
additional trace elements can choose adding later etc. as a hardener suitably according 
to the magnetic manxifacture approach by the powder metallurgy- technique made to 
contain from the start. 

[0050] As for the crystal structure of a [crystal structure of magnetic phase and grain 
boundary phase] grain boundary phase, it is desirable to resemble the crystal structure 
of a magnetic phase. Furthermore, it is desirable that the crystal structure of a grain 
boundary phase and the crystal structure of a magnetic phase are in specific orientation 
relationship. By this, the adjustment of the specific atom by the side of a grain boundary 
phase and the specific atom by the side of the main phase increases. In the permanent 
magnet which consists of a main phase which consists of a tetragonal R2TM14B 
intermetaUic compound (the rare earth elements, TM'Fe, or Co containing R*Y), and a 
grain boundary phase which consists of an R3TM alloy especially, it is desirable that the 
crystal structure of this grain boundary phase [ / hear the iaterface of this main phase 
and this grain boundary phase ] is prismatic crystal structure. Furthermore, it is 
desirable that crystallographic orientation relationship [ about indices of crystal plane 
and a bearing characteristic / near the interface of this main phase and this grain 
boundary phase ] is either of the combination of above-mentioned (A) - (D). 
[0051] Moreover, in the permanent magnet which consists of a main phase which 
consists of a tetragonal R2TM14B intermetaUic compound (the rare earth elements, 



TM:Fe, or Co containing R^Y), and a grain boundary phase which consists of a R-TM 
alloy, it is desirable that the crystal structure of this grain boundary phase [ / near the 
interface of this main phase and this grain boundary phase ] is face centered cubic 
structure. Furthermore, it is desirable that crystallographic orientation relationship 
[ about a direction vector and indices of crystal plane / near the interface of this main 
phase and this grain boimdary phase ] is either of the combination of following (E) ■ (G). 
[0052] 
[Formula 5l 

(ooi)^ffl//(nomiMBA^^[iio]**B//[ooi]«iMa - (e) 

(ooi)±ffl//(22im#ffi<p^tiio]^«//[iiTm^ - (F) 
(ooi)iffi//(iiimmB*^[ioo]3£«//uiom»« - (G) 

[0053] When the grain boundary phase which consists of a grain boundary phase which 
consists of an R3TM alloy, and a R TM alloy Uves together, as for each crystallographic 
orientation relationship, it is desirable that it is either of the combination of either of 
the combination of • (D) and (above-mentioned A) above-mentioned (E) • (G). 
[0054] Most amorphous substances of a grain boundary phase may be [ that the atoms 
near the interface with the main phase (at most number atomic layer) should just be the 
main phase side and adjustment 1 partially [ amorphously and ] amorphous. The same 
is said of the main phase. Moreover, although effectiveness is acquired when a part of 
interface is adjustment, it is desirable that more than one half of an interface is 
adjustment. Moreover, although tiiere is no lattice defect near [ the 1 the interface, a 
continuity is maintained and the regular thing of the main phase and a grain boundary 
phase is desirable, there may be a lattice defect in part. In addition, in an interface, it is 
desirable that the main phase and the grain boundary phase have consistency 50% or 
more. 

[0055] In the permanent magnet based on this invention, it is [ that a ferromagnetic 
phase shoiild just be what shows practical coercive force under a certain conditions 1 
possible to constitute more than from a kind of a metal, an alloy, an intermetallic 
compound, semimetal, and other compoimds. Moreover, the principle of this invention is 
applied to an intermediate field pan from a permanent magnet raw material to the 
permanent magnets and those manufactiire approaches as a final product. For example, 
as a permanent magnet raw material, there is powder obtained by the casting grinding 
method, the quenching sheet metal grinding method, the super- quenching method, the 
direct reduction process, the hydrogen content collapsing method, and the atomizing 
method. There are quenching sheet metal which it is ground and is used as the raw 



material of powder metallvirgy processing as intermediate field, and an amorphous 
object (part or all) which heat-treats and a part or all crystallizes. As a permanent 
magnet which is a final product, there are a magnet which bulk-ized those powder with 
sintering or bond, a casting magniet, a cold workable magnet, a thin film magnet 
according to the sputtering method, the ion plating method, PVD, or a CVD method 
fiirther, etc. ftirthermore - as a permanent magnet raw material or a final product - as 
the manufacture approach of a permanent magnet - the mechanical alloying method, 
hot pressing, the hot-forming method, between heat and a cold rolling process, and 
HDDR " there are law, an extrusion method, the Diapp setting method, etc., and it is 
not limited especially. The R-TM-B system permanent magnet based on this invention is 
used for a motor, medical* application MRI equipment, a loudspeaker, etc. 
[0056] 

[Example] It loaded with Remainder Fe and the raw material which consists of an 
unescapable impurity into the quartz tube with the phi0.3mm diameter of an orifice 
B6.5at% Co3.0at% [example l] Ndl3.0at%, the RF dissolution was carried out in Ar gas 
ambient atmosphere, the molten metal was injected and quenched on the front face of 
the copper roll which rotates by roll peripheral-velocity 20 m/s, and the super- quenching 
thin band was obtained. After grinding the mesh of 300 micrometers of apertures of an 
eye for this coarsely to whole-quantity ****, heat tareatment of 600 degrees C and 30min 
was performed in Ar ambient atmosphere, and it cooled to the room temperature with 
the cooling rate of 100 degrees C / min. The wafer of the obtained magnet powder was 
sampled, the sample for transmission electron microscopes was produced by the ion 
milling in Ar, as a result of observing, the average diameter of crystal grain was 78nm, 
and the grain boundary phase was the Nd3Co alloy of prismatic crystal structure with a 
thickness of 4nm. The magnetic properties after magnetization of the obtained magnet 
powder are shown in Table 1. . 

[0057] As a result of sampling the wafer of the coarse -grinding powder of the 
super-quenching thin band obtained in the [example 1 of comparison] example 1 as it 
was and observing with a transmission electron microscope, the average diameter of 
crystal grain was 74iun, and the grain boundary phase was an amorphous Nd-Fe Co 
alloy with a thickness of 3nm. The magnetic properties after magnetization of the 
obtained magnet powder are shown in Table 1. 
[0058] 
[Table l] 









Br 
(kG) 


|i 


IHc 
(kOc) 


bHc 
(kOe) 






8.4 


11.8 


12.9 


6.4 






6.8 


7.9 


5.8 


3.2 



[0059] When the diameter of crystal grain is ahnost the same and the crystal structure 
of a grain boundary phase compares the magnetic properties of an amorphous 
substance or the R TM-B system permanent magnet of prismatic crystal structure so 
that clearly from the result of Table 1, it turns out that the magnetic properties the - 
thing of prismatic crystal structure excelled [ magnetic properties 1 especially in the 
field of coercive force are discovered. 

[0060] Co3.0at%, B7.0at%, the RF dissolution of Remainder Fe and the raw material 
which consists of an unescapable impurity was carried out in Ar gas ambient 
atmosphere, and the alloy was ingoted [example 2] Ndl4.0at%. Next, after carrying out 
coarse grinding of this alloy, the jaw crasher and the disc mill ground to 420 
micrometers or less, further, jet mill grinding was carried out and powder with a mean 
particle diameter of 3 micrometers was obtained. The pressure of 1.5 TDn/cm2 was 
applied and fabricated in the depth direction, having carried out powder supply of the 
obtained impalpable powder into 15mm long and a 20mm wide dice, and carrying out 
orientation in the field of llkOe. Sintering held for 2 hours was performed, after taking 
out a Plastic solid, further, it cooled to 800 degrees C at the rate of 200 degrees C / min 
after the completion of sintering, and a temperature up is carried out to 1100 degrees C 
in a vacuum, and the sintered magnet was obtained [ it cooled to 300 degrees C at the 
rate of 100 degrees C / rnin after that, subsequently Ar was introduced it cooled to the 
room temperature, and ].. Although the dimension of the obtained sintered compact 
decreased rather than the Plastic solid by contraction, a crack, cracking, deformation, 
etc. were not seen at all. Next, after holding 2h of magnets after sintering at 500 
degrees C among a vacuum, it cooled to the room temperature at the rate of 20 degrees 
C / min. The magnetic properties after magnetization of the obtained sintered magnet 
are shown in Table 2. 

[0061] Moreover, the wafer of the obtained magnet was sampled, the sample for 
transmission electron microscopes was produced by the ion milling in Ar, as a result of 
observing, the average diameter of crystal grain was 12 micrometers, and the grain 
boundary phase was the Nd3Co intermetalUc compound of prismatic crystal structvire 



with a tMckness of 120iiin. Moreover, as a resvdt of analyzing the crystal orientation of 
the grain boundary phase near an interface with the main phase by the hmit visual field 
electron diffraction image, it turned out by almost all the observation part that it has 
one orientation relationship of above-mentioned (A) * CD). 

[0062] As a result of sampling the magnet after sintering obtained in the [example 2 of 
comparison] example 2, without heat-treating and observing it by the pbject for 
transmission electron microscopes, the average diameter of crystal . grain was 12 
micrometers, and the grain boundary phase was the Nd3Co intermetallic compound of 
prismatic crystal structure with a thickness of I20nm. However, as a result of analyzing 
the crystal orientation of the grain boundary phase near an interface with the main 
phase by the limit visual field electron diffraction image, specific orientation 
relationship was not able to be foimd out. The magnetic properties after ma^etization 
of the obtained sintered magnet are shown in Table 2. 
[0063] 
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[0064] When the diameter of crystal grain is almost the same, and compares the 
magnetic properties of the R-TM-B system permanent magnet of the prismatic crystal 
structure where the crystal structure of a grain boundary phase is the same so that 
clearly from the result of Table 2 and there is specific orientation relationship in the 
main phase and the grain boundary phase of the nesur, it turns out that magnetic 
properties excellent in especially the field of coercive force are discovered. 
[0065] 

[Effect of the Invention] According to this invention, a guide is offered in order to design 
the R-TM B system permanent magnet which has the high MAG engine performance 
(especially coercive force). Although the structure of the interface of the main phase and 
grain boundary interphase which determine coercive force was strange conventionally, 



when structure of the ideal interface for raising coercive force was clarified by this 
invention, while the gviide of development of a new R-TM-B system permanent magnet 
is offered, the further improvement in the coercive force of the existing R-TM-B system 
permanent magnet is attained. Consequently, discovery of a new magnet ingredient 
becomes easy and utilization of the R-TM-B system permanent magnet which is not 
used since coercive force is low until now is also attained. 

[0066] Possibility that an interface will serve as an origin of reverse magnetic-domain 
generating can decrease, and the R-TM-B system permanent magnet by this invention 
can acqvure high coercive force, as a result of the physical relationship of the atoms in 
the interface of the main phase and a grain boundary phase becoming regular and 
maintaining both adjustment. Moreover, the R-TM-B system permanent magnet by this 
invention is the magnet ingredient with outstanding magnetic properties whose 
coercive force gave specific orientation relationship to the ferromagnetic phase and the 
grain boundary phase, and raised the crystal magnetic anisotropy near the interface of 
the main phase by strengthening the crystal field of R atom in the main phase near the 
interface, consequently improved since reverse magnetic-domain generating near the 
grain boundary was not able to be closed if , and it was not able to carry out flxix 
reversal easily. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This docmnent has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is drawing for explaining the distance from an interface, "and the relation 
of a crystal magnetic anisotropy, and a white ro\md head shows the iiniaxial .anisotropy 
constant Kl of an example, and a black dot shows the uniaxial anisotropy constant Kl 
of the example of a comparison.. : • 

[Drawing 2l (A) is the model Fig. showing signs that the main phase and the grain 
boundary phase have consistency, and the model Fig. showing s^s that the (B) main 
phase and the grain boundary phase do not have consistency. 
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-B?^*^<K^tplCtt±J£03±ffi> i|a|^tg£^^1-»-t>B-rich 
4i (Ri+ a TM4B4) , R-TM!P3c)t*B . XM'f'-r^^'^Mt^i^B 

[0 0 11] R-TM-B5S*^8S^»C*3l>-C. TMttJtCCoS:^ 
it*ifeiS$>5. U^^L; •r'<T<DR-TM-B^*^ei^fiv 

[00121 iSL^m<omEitm^<o^mtKr>^^Kii,m 

^^■(O^SfC i o TR2TMi4B<a i R3TM^e<0 ~*g*S¥«4^ffi 
-C*#-Ct tt<f£<0. t> lCR2TMi7ffiJi ifW^SlKttti 
:^R2™i4B*ao5«t|!L»w«f tb -t r *sa»8SE«*<0igjS 



»mffi±+^/i««;^ i: Steffi t 

[0 0 141 *%M#6>f*. ±fE®?e5l5fttSJCJ:5R-TO 

-B5S*^^8l^<0^^o||^^fc8l^#^4 Sr«m $ it 5 ±-c, 

^s-ettR3™iaiiL«*s#«E-r5ia^«i«-^s 

3gOiafife«:l*oR-TM-B5R*^«^<^> 5 ^ ° '5c«J§S:S'JP 

[0 0 151 -rtittib. ei^co^^i^ti, /j:*>-ct>«a 

5/ ^' ^ s/ ^ CO* smHS^ttSrSDii? L-C V Nfc r 

[0 0 161 *«W#e>f4. ai©«-7-®«^K(TEM) Srffl 
t^T» <0R-TM-B^*^k«^«>tt|^4e© ? ^ D JicMW 
SrtTofcife*. Co^r-^^i-^-r-^TcDR-m-B^^^Bi^ 
(0St^»w)^:^S<DigS«jiS:j#oR3™^«ra<k-a-fe (IM 
cl'©Co;^90at%W±)*»^>JiCS*ttlfffi*5#«E>-» 3fe«i:ta 

[0 0 171 *^8?«#e>»*, ±IB<0^*S«l3gSr 
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1 0 0 1 8 ] m 1 > El 2 (A) (B) S:#fig LT, 

(A) (B) ^c*3^^T. 

(*f6W) ttia2 (A) »c^-t-J:5t-i*Bi:*fcl^^e*s|^ 
02 (B) »c^-t-<t 5tiiia^ffio>:^?iiftcJ;oT#S 
loo 1 91 (aiSr#flSLT. ifc|S5«9»c:*5V^Ttt, 

[0 0 2 0] 

[00 2 1 J Jl^iiEfi: LT. i^MBa59-46008^»cM*$n 
Tl^5 J: 9 /i^*0Oi|a^©R-TO-B^4feS:fflV^5 w t 

i:Pr<O-e-tffi50at%JeiJidJ»*U<> «K:^Srifil 
Ul''. TMfiFe. *fc»4Co-Cfe5a5. TM't'<OFe*S50at%* 



(4) 

6 

-e, TM«f«>Fett50at«£il±iS»SU(/^ *fcs =^r3.y — 
taJ[SriS«), »ft14S:|6l±-t-5SW-C, "nif ©Co=SrO. la 

[00221 $ H/>7k^«S^tt, JfeS«ijt*SiE 

:*ST?*)'5R2TMi4B4kJBra<t:'g''te(R:YSr^tfl&±S5t;^ 

-e. TMtt>(DFe*S50at*£iJi. ratfJ^JCoASO. lat%W±)0?* 

10 JRra{t:'&#J(TM't'©Co*S90at%iW±)Sr*-rS. 

I 0 0 2 3 I *^8i:5(D5pJ$;(Omfig«R2TMi4B*a iR3TM 
♦i(TM4'©Co*590at%£t±)<D'>/j;< 1 1— 

HSrR:8~30at%, B:2~40at%, ^^±t l^XTtiff'tlti 
»* L<»i. imfig®HS:R:8~30at%, B:2~40at 
Fe:40~90at%, Co:50at%£iTi:-f5. $^1-^ »^ 
b< ♦*)a^f6HSrR:ll~50at«. B:5~40at», ^SfSii: 
bTTMi:i-Htf J:t\ .t b<»4, im^®HSrR:l2 
~16at%, B:6. 5~9at%, j^gBit UTTMiri-ttt? 
20. -^»*L<»4, iiaj5K®iaSrR:l2~14at%. B:7~8at%, 

[00 2 41 ±*BJ::*JV^t:, B©-g8/i:l>U:^cS8 

5^src. Si. P. fj:if(Di^t>*pz>^m7tmxmi^y^xi> 

J:i/V BSrC-eg«li-5ii^, bi-xCx, iaL»^ 

L,< fi:xJ4'>/j:< i: t>0. 84-C-si-e*>5« 
[00251 R-TM-B-&^Srt9*J--r5:frit»c:tt, »jt«& 

^^^W^fe. T h^-<Xj5fejfcifw-2t^3i<^:fyj£SrjiS:® 

l~6/imT?S>5o 

10 0 2 6 1 #P>nfc-&ifet»*Sr^S*t^«&«&Ls a# 
40 J)Z8-20801-f-fcM^$ttTV'»5 J; •g'^t&*®jgi!» 

l/M4> <|*MSp6-77028-§-;cra^^^tfCI/^5J: pid. 

t&*»c/<w -^y-irMTLx^m^m^mmKx^xmm 

[0 0 2 71 #bnfc/«Ji?«crt3!tS1', 4fcttS«S:BS8 
< ^m\t:ff:^ 'P xmt^-ti. iKife^#rtR-TM-B-&^«&m 
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ii8o'c-ei~4i^ra!6s»4uv^. ^t^^<Di^&mmm.^ 
(00281 iSL^mim:f3&mmi: 1 j^i^" 

tg.S*» fe<Of^3^j£Sl4l0~200*C/min(O$6Hrt-efo 5 :i 
SUiE Uv^igS«itSr t :i t d5«Itgtc;*i5o JKI^lSdS^ 

UV^jS§jg^<D?^iP^ODfflSffltt20~100'C/min-efc 
[0 0 2 9] iffitiiac 

to 0 3 01 5ic«§«»c:*5t^T, m.m\^&m-t-i<o-u 

jSfe<35t&^ttlO~30 M m, je^?&ife©|&^H:20~100nm/f if 

-e*>5:ii*s»*u\ [0 0 3 51 

1 0 0 3 1 1 ±iR<o^mtn^^<o!^m\zisif^m^m * ut4 1 

(ooi)iffl//(ooi)«aiMi*'o[iioi^*i//[iio3*twi 

(001)iffi//(110)ti»«*'-='[110li«//[001]ttlMB 

(001)^iffl//(22imi!4i*o[110]±«//[ni]«!P« 

(001 11 1 mwe [100] [ 110 ittwffl 
10 0 3 61 ±fBouiiqic*jv^T. ^m^'(om^<om 

(003 71 «t#ffi=&i|$S<^)i@S*(Si:Ba«^ttim$-&5 
g®HSr, 10~200'C/niin(Oi<?J^SSt^?&^i-f)wi:»C 



cr-C, i^S^WIB^<OS!*Sriai«-r5o IE-g-'[hkl]- 
fE^'[hkr]'©tT»^/h^F«S:*-C 

•§-'[001]±*i'fi±la-C4>5R2™i4B*e«> c ttW*^|S]Sr* 

[0 0 3 21 JJctC. fE^'(hkl)-f4 5 7-m^;S5h.k,l-e 
IMB'i. 8B-§-V/"©St!*i-5i:r5f±:^|fi]©«r&i:l^ 

VS. 
[00 3 31 

[00341 nm\z^i-fiii^^<on^:^ms^t^ss^<o 

TIE<o (A) ~ ( D) (om^-S-^b-e:© t •'■f H*'<o:frfiJ::/i o 



(A) 
(B) 
(C) 
(D) 

H20~100'C/niin-C4> ■So 

[0 0 3 81 roBS»w, iiei:«ai!Lie©^^>7c5S, fcs 

f£<. mm<ot^^^m'^-t^zi:i^x^?)o 
[ 0 o 3 9 1 mm^h<oi^mm§t<omm<om^. ^t^^ 



^81711-273920 



9 

<Dl)£»3!i5g^/jjjK^gA-frro300~800t;©taa®-Cgft«!!S 
200'C/niin-Cfc-5. 

(0 0 4 0] £A±. ^ti.xm^^W:^mi^t':>xnm<o 

1 0 0 4 1 1 ±IE©:(^fe-e^»^>J^fcSl^fc^3Sm<^^4Sr'b 

1 0 0 4 2 J mij^mm *I8W»::S<J < *^fia^f- 
[00431 im^m.fs.m:ffi^<o^m Sfc. 

[0044] [ffl^n^its. mmmm f^^wxf£\.^ 

[00451 t±ffii:ttlMa©»* UV^ffli'fa'fc-fr] * 
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[0 0 4 6] 3^:^?q^c*J^,^T. iS^ffit LTifiUV^^ 

Srtt«$-&5:i R3TMtfi(DR(Dfi!ls -&^± 

lEcO^W^Sr^fci-^JSSrfiSJ^-fixfi. Be. Mg. Ca, Sr. 
Ba, -t^XO^m^myiM (Zn. CdSr-^tf) , kU Ga. 
In. Ta. Sn. Pb/j:if(D— a£A±/iifn?*>5, OS^t. Be. 
Mg. Al. Si, P. Ca. Sc. Ti. V. Cr. Mn. Fe. Co. Ni. 
Cu. Zn. Ga. Sr. Zr. Nb. Mo. Cd. In. Sn. Ba. Hf. T 
20 a. Ir. Pb©— a6il±-efc5. ntV?><O^J!Sf3± 

[0 0 4 71 ±|E©*leti|aiM«©ilfli5f 
tfSiBCo5±lBtYiBc|!i|B(Dj; Wffi*s*.5«a^^-e¥ 
|BJC*^^-t-2>t<0*Sjf*bl/\ 0iJ;ttfSm2Fel7N3 

±imhinii&nw.f^:>.x-^mmt-^'6an (r-pezn) ^sj^bk 

[0048] [^«fi^^3g««5H] *«WtC*3t^-C. 
»Jc^*Di-5 r 1 14»* \^^^mW^MXhio -hfB©m 

(00491 ±8E©«t Sr-f-5«ftj^P5£5Ui: U-Cli, 

Al. Si. P. Ti. V. Cr. Mn. Fe. Co. Ni, Cu. Zn. Ga. 
Zr. Nb. Mo. mP)£i^O±iBO^JIl7C^*ifdS*>5 

^mn^nhti. o.oswt%£A±-cM;e©ja*iis#?>n5<o 

•C. asjpfi«)|fiffltto.05~i.0wt%*s»*uv\ J:0»* 
L^>^Sffl«:0. l~0.5wt%-C*>5o aStSSSiAPTC^©^* 

i£i4. »5^?&^w*ife-c 
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[0050] [tsttffl t m.^m<Dm&mm^ mnm(om 

-So iE:^SR2TMi4B^JRF^^k-^^(R:Y«r-&tf^±S7C 
TM:Fe*fc»4Co) *»5>*5^«i:, mzR^m^^t^ 

(ooi)£ffl//( nomwgifo [iio]dEfi//[ooi]3ia#ffl 

(001)£«//(E21)3e:^*»o[110]i<i//[lll]«i^ 

(ooi)i«//(iiimiMB*o[ioo]^«//[iToi)ttiFMi 



/2 

* 5i^S#«j:i^<4Ba«t*s±IB(A) ~ (D) ©&;5i^-&*3-B:<di/ ^-f 

[005 11 jE:^SR2™i4B^«ra<k'S-'fe(R:YSr 
^tf#±S7C^v ™:Fe4*:ttCo) *»e>'5c5±ffii. R-T 

^mi&m\tts tf 5 Jfeft #fi«)*ttBi«*STIE ( E ) ~ (G) <^> 
[0 0 5 21 



(E) 

(r) 

(6) 



[00531 R3TII^ife*»fe>fc5«lt**Bi:R-TO#t^*»fejte 

.-fiitt. ±iS(A)~(D)coffi;2f-&ip-«i:CDl'>-rix*^ JilE(E) 
~(G)(Dia;'f.-&*?-&<DV>-rti/d»-Cfc5wi:;^»*Ui/\ «) 
[0 0 5 4] ttlfi^ili:. '¥:<D^tai:«>lfffiifi*& m^lk 

$iJ^J-«)»w|^S©. \itAyt'im^mxi>'^XhJ:\>\ i 

[0055] *^wt-S'3< j^c^^8^^^wiov^T, ssestt 

^ Sriiig X li V J: o T /^/w <b L fcm 



mn&h Lx^iKm^(omm:f7mt lt, ^ *=*/vt 

-B5^:*^m«J±; Ei^ffiMRI^a> 
[0 0 5 6] 

IMMM} IMMm 1 ] Ndl3. Oat%, Co3. Oat%. B6. Sat 

x^m-t^mM^—^i^'o^^iiZ'&kti.xm.^L. m^r^ 

»»?Sr#fc. rixSrS(^M#300/tm05;>« yv^=.S:^»ji 

yf^>^s.D :y^\z^-oxmmm^mu^m<otimi:i^n 
[0 0 5 7] [itmmii mmmixnhtinimM.ii^mm 

f4Ji:;tf3nm<0|^SHNd-Fe-Co-g-^-efoofc„ ^tbtbfcflJ 

[0 0 5 8] 
[^11 
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(MGOe) 


iHc 
(kOe) 
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(kOe) 






8.4 


11.8 


12.9 


8.4 






6.8 


7.9 


5.8 


3.2 



10 0 5 9] m<D^^^i)^h^h^i^fii^o\^. i^ssts 

(0060] [Ill6flaj2] Ndl4. Oat%, Co3. Oat%, B7. Oat 

^-f;^^ $/WCj:0420,im£tT»C»?9'L„ Sbi-s 

tufc^t&^SrlSElSmm, 1||20mm<Oy-r ;^>f{C:i^«&b, HkO 
e«fiS#+ -CiaiSl LJiC;65 e,^ ag$:^|S)»-l. 5Ton/cm2cOffi 

m^^T'^. 200'C/min<Ojgg-e800'C*t??^iPL, 
-tO^, 100'C/minK)iag[T300'C*-C?^^U; 0^^•CAr 



) [00 6 1] -^tL. »btufcSS^O/h^S:f->'7'y V^' 
m. i|a|SL|a«^;^(Li20nm©i^:i^S«it©Nd3Co^SII8'(k-& 

miSSMfc-e. -hlE (A) ~ (D) <Dv ^i•^^*^<o;;^^£B§^Sr^^o 

[0 0 6 2] litmmi'] mmm2xnhfiitm^^<om 

;?fl20nin<Di^:^^S«ii«Nd3Co^JSra<b'&«»-efc-i>fco b 

[0 0 6 3] 
[*2] 







Br 
(M) 


(BH)Baz 
(MGOe) 


iHc 
(kOe) 


Me 
(We) 




13.4 


42.5 


16.1 


14.2 




11.8 


34.7 


7.6 


6.1 



[0 0 6 4] *2<Dife**»^i^?>*»'iJj:5»w. m&n^ 

[0 0 6 5] 



[006 6] J: ■5R-TM-B^*^^SS^(i> ±<e t 

60 mt'&.^mtic^^<om&:fjim0^ii^if^^ ^mam 
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(JidiBl ¥^1 0^5^ 1 3 B 

mi£M^i^n^\ 00 10 

t 0 0 1 0 1 r r-T?. R 2 TM 1 4 B^JSW^b^'KXO 

M-f5. R-TM-B^*^fli:5«t»»;:<±±jiB©i 
ffi, miSL^efiil^lCtB-r i c h« (R 1 + aTM4B 



4) . R-TMip^)tlB. TM^-Q^'^m)\m^^in> 
(¥«l*IE2l 

[«iE»^«i*l 00 18 

too 1 81 01, 13 2 (A) (B) «:#fiRL-C, 
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(A) RXf (B) »C*SV>T. mA<0'' Mc^&t" ttt^iS 
2SB. 3#a«j(S^grott:SSr^-t-. f^nmttt^i>\- 

E-CS-^LTV^5^#:t?(DK i<Dtf®ffiS:^U, Jt|!i0iJ 
iim2 (B) je:^-rj:5tciiai^tB«)^»!5ciftcj:oT|^ 

(1fiE^«g*l. 00 1 9 

mmn^mmAs,] 0042 

I 0 0 4 2 1 *l8l^»wS-:5< ^^JK^Ir 

imiEM^mB^} 0 04 7 



(0047] ±|B©±«i:^lf*a©iS;^'&i>&«:. 0>lx. 
«SmC o s^iei: YJKIfftwJ: Mffi;is*>5tag[ 

2Fei7N3^ffitZ n^<ORf5-V4t^mit't^^ 
(r-FeZn) ;^J^^$ix5J:5»-> i*ai:^2«i 

miEMm^n^] oose 

[0 0 5 6] 

immm] immmii Ndis. oa t%; co3. 

Oa t%, B6. 5 a t %. ^g6Fe\ *5iT/'F "ISW 

i#o;5^i=tt^»c:ig«L. A r :ff:^!^mn.^-^Mmi^mm 

S:S<OM# 3 O O nm<Oyt y->a=Sr^ftii5*-efi<<» 
^Ufc^. A r#ia»1'^6 0 Ot. 3 0min(O?ftia 

aSrtTt/V 1 0 O'C/m i n»^iflJiSt?^a*-c^*P 

bfco #6>i^fcR2TMl 4B^K^*&*©/^>^-S^•!^V ' 

fl^ttSr* 1 JCl^i-. 
I#iggttE7] 

[MiEM&^Si&l 00 6 0 

[00601 [||Jfe032] Nd 1 4. 0 a t%, Co 
3. Oat%, B7. Oat%, «gSF e. iSitf^F"! 
i8«j^ii«4fe»*=>5>';t-5iSi|si:S:. A r ;!f;^#ffl^4'-c;9JJSSt 

4 2 0/1 m£AT»:i»5f' U» $ i^* y h 5 -'Hft?* U 
XW-mm 3 M m©»5l5^#fc:o #5>ixy5:«l&*SrlBt 1 
5mm. 1112 0mm<oy'l';^it'JCiJ&t9Lv llkOeW 
+ flS$:^|SUCl. 5ton/cm 

2<Dffi;^Sr*nx.-Cj*J^Lfc. lSJg«fS:» 0 tH S 
ffi'^'-Cl 1 0 0*C* U. 2^K«l^-t-5«|ie«:^T 
V\ j^ife^Tft. 2 0 O'C/m i n<DiiS-C8 

0 0"C*-C?^*PL.. -tWS^, 1 0 OX;/m i n<Oj$g-C 

aoo'cs-ejft^u, ov^-cArS-»AUT^m*t?jfr 
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[SffiBl ¥fiic'i 0^1 2^ 2 2 0 
[#«g«jE 1 1 

[MjEMj^^g4&l 0 0 24 

[0 0 2 41 ±*if-*iV^Tv B<0—^tj:\,^Viz^ 

5>=SrC. Si. P. *i?<DV^to»^5ijt^i^3ES|-ceiftL. 

•ct>j:v\ m^ts. BSrc-cem-rs^, B 1 _xC 

[«jEM^«gi&] 0 0 3 1 

[0 0 3 1 1 ±l^roi^ei:iel^1ero^®^ct^^t5J!S^^l5) 



K/i&i^©:^(fi]Sr*i-o fB-f" [hk i] " ©M 
^" , " «t#*a" tit. -ttb-eHoD^ifijis^ffi, 

[0 0 1] fii*e-Cfo5R2TMi 4 B^SroCtt 

[ttlEjtft^eiBl 003 2 . 

[ 0 0 3 2 1 jJcfC, IS-i:'' (hkl) ° J457-ig»*S 
h. k. 1 -e^$ixSifeSiBS:«U M^-'±«- , " 



[ffitHBl ¥fi£l 0^1 2fl 240 

[^i^ffiiE 11, 

[*tiE*fel ^Jl 
IffijjErt^l 

[|f*«2 1 ftrlBR 2 TM 1 4 B^feJSW^k'^'fetClfcl/^ 
R4»<ONd t P r(D-g-tfiS5 0 a t%Et±. SftlBT 
MttF eSfcttC oTTM't'WF ed5 5 0 a t %JeA±-e 
fc^t Sr#«ii:-r5gi*« 1 fE«t®R-TM- B5^7k 

(#«g4ijE2l 

[MES*^«?S«1 ?^i«BS 

[ffiiE*r^«ei&i 0 00 7 

tMiE*i*l 
[«|jE(^$l 

(00071 *«Mttm 1 <o^M.izis\,^xifi^<o^mi:^ 



-r-5. i^^filit*5jE:^^-Cfc5R2TMi 4Bi&«Wjk 
-a-i^ (R : Y«r^tf^&±S5t:^. TM : M^M) 

LXtt^mi^mc R 3 TM-g-^d^feit UTJ^CSS 

■Cl/^Sri:, M2(D«^tC*3l^T»4. R2TMi4B^ 
JSP^-fk-&ifet-*5l/"'T. Rtf'WN d i: P r 0-a-tf*s 5 0a 
t%8t±o TMttFe*fcttCo-CTMf>©Fe*S5 0 
a t%£il±._||3©^^»C*5V^Ttt, R2TMi4B^ 
JSP»3'ft:-&^l-*J^''T, TMtf'<^F e *5 5 0 a t %U±^ 
TM4'©C o ;iS 0 . 1 a t %&.±, R 3 TM^feara-ft-^ 
^^::*5V^T, TM+CDCoiSS 0 a t%EA±. fS4<0^ 
^jctJVxTfi. SfrfE^i©«/StwS-:5^?Ktt«t«i^ffi 
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[titU 01 ¥fiKlO# 12^250 
tffiiE*rJfe«Bi&l 00 6 1 

[00 6 1] t.1t. nhin1t.m^<on^)i%r-9-'^:rv >"t^ 
<oPm^i¥nL. m^bfjii^*. ^i^c^l^SiESfi 1 2 

latA/ifcoS^^fm-c. -his (A) ~ (D) o^^-ri^*» 



[#1^MjE21 

miEM^^Q^] 00 6 2 
[*IE*iSfel SgH 

(006 21 [itissfisj 2 ] mi&m 2 -e#f>ixfcj^iS^<o 



